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RESUMO 
Descreve-se a variac ao sazonal da circulaya
eas?  
o ao longo da costa de 
Mocambique, corn base em cartas corn medias mOveis de 3 meses dos dados 
termicos colhidos de 1977 a 1982, e identificam-se areas de vulnerabilidade 
dos atuns as artes de superficie. Confirmam-se as principais conclusZes 
enunciadas por SAETRE e JORGE DA SILVA (1984). Verifica-se a ocorren-
cia de areas favoraveis ii captura de atuns por artes de superficie durante 
todo o ano, corn particular incidencia de Novembro a Abril. 
ABSTRACT 
Charts with 3-months running means of thermal data collected during 
1977-1982 are used to describe the seasonal variability of the circulation 
pattern off Mozambique, and to identify the areas of tuna vulnerability to 
surface gears. The main conclusions reached by SAETRE and JORGE DA 
SILVA (1984) have received further support. Areas of potentially 
successful exploitation of tunas by surface methods have been identified 
during the whole year, with emphasis for November - April. 
NORAD Consultant, formerly oceanographer at Institute de 
Investigactlo Pesqueira, Maputo, Mozambique. Present address: 
Instituto Hidrografico, Rua das Trinas, 49, 1296 LI3BOA CODEX, 
Portugal. 
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INTRODUCTION 
A fairly good amount of oceanographic data (over 1,500 stations) was 
collected in the waters off Mozambique from 1977 to 1982. The information 
gathered until the end of 1980 has been partly analyzed, together with 
historical data from the Mozambique Channel, by SAETRE and JORGE DA 
SILVA (1984). 
PITON, POINTEAU and NGOUMBI (1981) used the observations that were 
available until 1975 to prepare an oceanographic atlas of the Mozambique 
Channel. 
SHARP (1979) compiled the available oceanographic observations of the 
Indian Ocean up to 1976 to prepare sets of monthly charts with average 
thermal and oxygen properties. Those charts were intended for use as 
guides and interpretative aids in tuna fishing ventures in the Indian 
Ocean. 
Adopting a quasi-synoptic approach, SAETRE and JORGE DA SILVA (1984) 
presented tentative circulation patterns for the upper layer of the 
Mozambique Channel (Figure 1). The general circulation system appeared to 
be highly conditioned by the topography (Figure 2), the different patterns 
of Figure 1 representing only modifications in the surface layer. 
Figure 1. 	 Tentative circulation patterns in the upper 
layers of the Mozambique Channel. 
a) November - April b) May - October 
(SAETRE and JORGE DA SILVA, 1984) 
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Figure 2. 	 Bathymetric map of the Mozambique Channel. 
Depth in metres. 
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The concept of a continuous Mozambique Current has been questioned by 
these authors, as well as its role as a major tributary to the Agulhas 
Current. Similar conclusions had already been indicated by SOARES (1975) 
mainly based on data collected prior to 1963. 
The present paper makes use of all the available temperature observations 
along the coast of Mozambique for the period 1977-1982, to deploy the 
" average monthly" conditions in the area. It is expected with this 
contribution to: 
i) fill some of the gaps in the atlas of PITON 
et al. (1981) that were due to poor coverage 
of the western Mozambique Channel; 
ii) provide additional support to the conclusions 
of SAETRE and JORGE DA SILVA (1984); and 
iii) obtain a guide that can profitably be used 
in tuna searching while fishing with surface 
methods in Mozambique waters. 
DATA AND METHODS 
The temperature data was provided by surface measurements, 
bathythermograph and STD soundings and Nansen casts. After 
scrutinization and deletion of obviously wrong values, the data were 
summarized by 30' rectangules and each mean plotted in the center of the 
rectangle (the approximate center of the oceanic area was chosen whenever 
a rectangle was partly contained inland). Three-months running means were 
worked out instead of monthly means in order to avoid great gaps due to 
uneven space-time coverage of the whole area. Graphical interpolation was 
made between the plots. 
Figures 3 - 14 depict the "average" distribution of the depth of the 20 °C 
isotherm in 3-months running periods. The number of observations per 30' 
rectangle is indicated in schematic charts on the upper left of the figures. 
Figures 15 - 26 were obtained in a similar way and show the "average" 
distributions of sea surface temperature overlapped .y/ith the areas where 
the 23oC isotherm (lighter shading) and the 20 0C isotherm (darker 
shading) lie in the depth range 50-80 m. According to SHARP (1979) the 
shadings correspond to the areas where the yellowfin and the nomadic form 
of the skipjack, respectively, are most vulnerable to surface fishing gears 
when no oxygen constraints are imposed. 
In all figures a thin line represents the 100 m depth contour on the 
western side of the Channel. 
The method applied by SHARP (1979) to delineate the tuna vulnerability 
areas is based on the lower boundary thermal and oxygen conditions for 
four tuna species: skipjack (Katsuwonus pelamis), yellowfin (Thunnus 
albacares), bigeye (T. obesus) and albacore (T. alaiunga). As the lower 
thermal boundaries for bigeye (11 °C) and albacore (15 °C) are not found in 
Mozambican waters within the depth range reached by surface gears, only 
the two other species will be considered. Also, as the oxygen limiting 
conditions (2.5 m1/1 for 10 minutes tolerance) are usually not found in that 
depth range in the western Mozambique Channel (SAETRE and JORGE DA 
SILVA, 1982), only temperature data will be dealt with. 
While SHARP (1979) was interested in the macroscale picture of the whole 
Indian Ocean summarizing the data by 5 ° rectangles, it is the present 
author's intention to reveal mesoscale features in the western Mozambique 
Channel through the averaging of data by 30' rectangles. This means that 
the average position of any feature in the charts of Figures 3 - 26 has a 
minimum inherent error of + 30' latitude or longitude, i.e. , approximately 
- 30 nautical miles at the latitudes of the Mozambique Channel. 
Three-months running means have been used, instead of monthly means. 
This modification to the method of SHARP (1979) will tend to blur the 
picture for each month or even to reproduce in a certain "central" month 
an "average" situation that could be true for any of the two adjacent 
months. When using Figures 15 - 26 as guides for tuna searching one 
ought perhaps to combine the information depicted in three successive 
charts. 
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CIRCULATION 
The most prominent features of the circulation off the coast of Mozambique, 
as well as the seasonal variability of the circulation pattern, come out 
rather clearly from Figures 3 - 26. For sake of simplicity, frequent 
reference to the features identified in Figure 1 will be made in the 
description that follows. 
Three anticyclonic cells are rather well established in December-January, 
separated by areas of cyclonic circulation centered at latitudes 16 °S and 
23°S. The two northernmost cells progressively join when the cyclonic eddy 
at latitude 16 °S moves inshore, allowing cell I to extend southwards. 
In May-June only two anticyclonic cells can be identified, separated by a 
cyclonic area in the latitude range 22 ° - 24°S which, on its turn becomes 
progressively narrower. In the meantime, cell III can be seen to move 
westwards. 
In July-September part of the southern cyclonic system seems to move 
southwards, loosing intensity, while cell III apparently moves northwards 
between two cyclones. Shedding of part of cell III is likely to occur and 
surface temperatures characteristic of Subtropical Water can then be 
observed up to latitude 24 °S. During that period the (modified) Equatorial 
Surface Water, transported by the Mozambique Current, can be seen to 
occupy a thin surface layer (Figures 21 - 23). 
In August-September the cyclonic eddy that was centered near latitude 
16°S cannot be detected in the surface layer. (SAETRE and JORGE DA 
SILVA, 1984, have shown that it could still be detected below 200 m). On 
the other hand, the influence of eddy e becomes clearer. 
In October-November both the northern and the southern cyclonic systems 
seem to intensify. The restoring of the three-cell system that can be 
identified in December is apparently starting. 
The cyclonic area to the south of latitude 22 °S seems to be complex. 
SAETRE and JORGE DA SILVA (1984) pointed to the presence of three 
cyclonic eddies in that area (Figure 1). Eddy d was claimed by JORGE DA 
SILVA (1983) to be a permanent, quasi-stationary feature. Actually, its 
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presence can be detected throughout the year at approximately latitude 
26°S and west of longitude 34 °E (Figures 3 - 14; see also Figures 15 - 26). 
Also apparent from Figures 3 - 26 is a region of dynamic upwelling along 
the slope of the Boa Paz Bank area, near latitude 25 °S. This feature can 
also be detected throughout the year. Evidence of dynamic upwelling can 
also be found during most of the year along the shelf edge of the Sofala 
Bank area (latitude 17 ° - 21°S). 
Except perhaps during the transition months between the monsoon seasons, 
May-June and October, no clear evidence was found of a continuous 
Mozambique Current. This is particularly true south of latitude 23 °S, which 
makes it unlikely that the Mozambique Current is a major tributary to the 
Agulhas Current. 
A southward outflow may indeed occur in the southwest of the Channel. 
However, this process must be restricted to a thin surface layer, as 
pointed out by SOARES (1975) and as evidenced by the combined surface 
and undersurface thermal structure south of latitude 23 °S. Particularly 
good evidence of this feature is provided by the eddy structures centered 
at about (25 °S, 36°E) in February-April (Figures 16 - 18), and by the 
vertical temperature distributions south of latitude 23 °S in July-September 
(Figures 21 - 23). 
VULNERABILITY AREAS OF TUNA TO SURFACE GEARS 
Figures 15 - 26 indicate the areas where, according to SHARP (1979), 
skipjack and yellowfin should be most vulnerable to surface gears. 
Of course, one should not expect the two species to occur separately all 
the time. In fact, the occurrence of mixed schools has often been observed 
in this and other regions of the Indian Ocean. In practice, it means that 
the vulnerability of skipjack may be much greater than indicated in the 
charts. 
On the other hand, SHARP (1979) called the attention to the fact that the 
20°C isotherm can be considered a lower thermal boundary for the skipjack 
whenever that species complies to the physiological constraint patterns of 
the nomadic type found in the Pacific Ocean. The characteristics of the 
Indian Ocean south of the equator are indeed similar to those of the central 
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Pacific Ocean. However, the Mozambique Channel is a very particular area 
where regions can be found with low vertical gradients of temperature in 
the surface layer (SAETRE and JORGE DA SILVA, 1982), as it is usually 
the case in the warmest tropical areas. Apparently, such areas are the 
preferred habitat of the tropical form of the skipjack. This is smaller at 
age and maturity and has a "local" distribution in comparison with the 
nomadic skipjack (SHARP, 1979). The tropical skipjack may therefore occur 
in areas that are not evidenced in Figures 15 - 26, namely north of latitude 
15°S. 
Areas with very high vertical thermal gradients should also be regarded 
with caution. This may be the case of the area between latitudes 15 ° and 
17 °S, during November-April. Research done in that area in 
February-March 1980 has revealed a diatom bloom similar to what is usually 
found after the occurrence of upwelling (NEHRING, 1983). In such cases 
the greatest abundance of food for tuna will most likely be found around 
the area than immediately over it. In the particular case that has been 
mentioned, it is poosible that, from November to April, the greatest 
concentrations of tuna will be found to the south of latitude 17 °S, where 
the abundance of zooplankton and, therefore, of higher consumers will also 
be greatest (NEHRING, 1983). 
Having these previous considerations in mind, the main vulnerability areas 
of tunas to surface gears, as deduced from Figures 15 - 26, can be 
summarized as follows: 
a) the shelf edge south of latitude 17 °S, 
throughout the year; 
b) the cyclonic eddy area at about latitude 
26°S west of longitude 34 °E, throughout 
the year, with perhaps poorer conditions in 
July-October; 
c) the cyclonic eddy area in the latitude range 
15o - 17 °S, or its surroundings, at least 
from November to April/May; 
(1) 
	 the 	 offshore 	 cyclonic 	 area 	 south 	 of 	 latitude 
23°S, at least between November and April. 
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Particular attention should be payed to the areas around seabanks and 
mountains (Figure 2) where special hydrographic conditions may be 
encountered. This is I he case of the St. Lazarous Bank (12 °08'S, 41°22'E) 
that was found to induce disturbances in the current field and the nutrient 
distribution (NEHRING, 1983). The Paisley Seamount (14 °10'S, 41°32'E) and 
the Almirante Leite Bank (26 °12'S, 35°03'E) are also likely to be areas of 
increased productivity. 
CONCLUSIONS AND RECOMMENDATIONS 
Based on the "average" conditions found along the western Mozambique 
Channel during the period 1977-1982 additional support was given to the 
circulation patterns proposed by SAETRE and JORGE DA SILVA (1984). No 
clear evidence was obtained of a continuous Mozambique Current. Only a 
minor southward outflow was found in a thin surface layer at the southwest 
of the Channel. This seems to confirm that the role of the Mozambique 
Current as a tributary to the Agulhas Current is of no major significance. 
Areas of potentially successful exploitation of tunas by surface methods 
were found along the coast of Mozambique, particularly south of latitude 
15°S. Although the months from November to April seem to be the most 
favourable ones, fairly good conditions may persist throughout the year. 
North of latitude 15 °S the prevailing vertical thermal structure is likely to 
provide an adequate habitat to the "tropical" form of skipjack, as defined 
by SHARP (1979). 
The results so far obtained in the "Experimental Tuna Fishing Project with 
Pole-and-Line (live bait)", on-going since September 1983, adjust quite 
reasonably to the "predictions" of Figures 15 - 26. Interestingly, tuna 
schools have been located around the three above mentioned topographic 
accidents (Figure 2), where important catches were made. Schools composed 
mainly by skipjack were also found north of latitude 15 °S (MOREIRA RATO, 
personal communication). 
Further research effort should be spent in the area south of latitude 22 °S, 
as the processes there remain rather unclear due to the presence of moving 
cyclonic centers and to the interaction of two different water masses. 
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Whenever possible, oceanographic investigations should be carried out 
during tuna fishing ventures. The prevailing conditions around seabanks 
and mounts need to be clarified. The parameters of space-time variability of 
the current fields in the fishing areas should be obtained. Particular 
attention should be given to oscillations of fronts and current boundaries 
as these are areas where tunas tend to congregate. 
If no other means are available, at least vertical soundings with mechanical 
bathythermographs should be made, using station networks as dense as 
practicable around the fishing areas. 
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Figures 3 - 14. Depth of the 20 °C isotherm (metres) 
by 3-months running periods. 
(JANUARY stands for December-January-
February and similarly for the 
other charts) 
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Figure 3. 	 Mean depth of the 20 ° isotherm. 
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Figure 10. 
	 Mean depth of the 20° isotherm. 
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Mean depth of the 20 ° isotherm. 
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Figure 12. 	 Mean depth of the 20 ° isotherm. 
Figure 13. 	 Mean depth of the 20 ° isotherm. 
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Figure 14. 	 Mean depth of the 20 ° isotherm. 
Figures 15 - 26. Sea surface temperature and tuna 
vulnerability areas to surface 
gears by 3-months running periods. 
- 23°C isotherm between 50 
and 80 m (yellowfin vulnerable) 
- 20°C isotherm between 50 
and 80 m (skipjack vulnerable) 
(JANUARY stands for December-January-
February and similarly for the other 
charts) 
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Figure 15. Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 16. 	 Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
- 31 - 
MARCH 
- 
4. 2 2 
6 	 7 2 	 1 
6 2 
5 2 1 
T 	 11 5 	 1 
6 	 4 
7 	 3 
3 5 2 3 
- 
7 8 	 5 1 
- 
1 	 8 	 3 4 6 
4 4 7 2 	 5 5 
1 	 7 5 2 4 2 4 4 
9 	 5 7 	 2 4 1 	 6 
3 	 9 38 16 14 1 1 	 3 
4 5 7 	 9 2 	 1 
1 	 2 3 Z 2 	 8 2 1 
1 	 1 1 1 	 2 2 
,- 
3 3 
5 	 413 9 4 	 1 
- 
2 	 1 6 1 
7 	 1 3 
2 	 1 4 	 3 
10 5 5 	 2 2 	 1 2 
1 
- 
7 2 2 
4 4 
1 	 5 	 5 5 	 1 2 1 
2 	 2 3 / 4 1 
7 	 4 2 	 2 	 1 1 
9 4 3 4 1 2 2 2 	 1 1 2 
1 3 2 1 • 
32° 	 34 
	
I 
	
° 	 36° 	 3'8° 40° 	 42° 
Figure 17. 
	
Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 18. 
	
Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 19. 
	
Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 20. 	 Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 21. 	 Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 22. 	 Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 23. 
	 Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 24. 	 Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 25. 
	
Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
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Figure 26. 
	
Sea surface temperatures and tuna vulnerability 
areas to surface gears. 
